Purpose: The aim of this study was to evaluate the factors affecting healing patterns of surgically created circumferential gap defects around implants in dogs.
Introduction
There has been increasing interest in placement of a dental implant into a fresh extraction socket and many authors have tried to improve clinical efficacy on immediate implant in human clinical studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
The advantages of immediate implantation are as follows: total treatment time can be shortened; the horizontal and vertical levels of the residual socket wall can be more easily preserved than with the delayed implantation; positioning of the implant is optimized; the need for additional surgeries like bone augmentation is lessened; and the healing potential of residual periodontal ligament cells is helpful for successful osseointegration 2, 3, 8, 9) . On the other hand, coronal gaps made around the implants placed immediately into fresh extraction sockets and the lack of soft tissue that makes it difficult to maintain a primary closure of the surgical site can be problematic 6, [10] [11] [12] . Several studies have been published the relationship between gap width and healing pattern around immediate implants [16] [17] [18] [19] [20] [21] [22] [23] [24] . Carlsson et al. 16) used titanium implants with initial gap widths of 0.00, 0.35, and 0.85mm to find out that there was no osseointegration
The evaluation of healing patterns in surgically created circumferential gap defects around dental implants according to implant surface, defect width and defect morphology to be shown histologically when the gap between bone and implant was larger than 0.35mm. Knox et al. 17) proved that the gaps larger than 1 mm resulted in smaller amount of direct bone to implant contact. In their clinical study, Thomas et al. 18) demonstrated that there was no need of membrane at the gap less than 0.5mm, while no integration between bone and implant could be observed at the width more than 4mm.
Akimoto et al. 19 ) studied a smooth surface implant placed in the surgically created bone defect sites after tooth extraction in dog experimental model. Bone regeneration was found in gap width more than 0.5mm
clinically, but histologically there was no direct contact between bone and implant.
Botticelli et al. 20, 21) suggested that implant surface characteristics can affect the healing pattern of gap defect around implant. They used rough surface implant (SLA) in dogs by creating bone defects with 1 to 1.25mm gaps and barrier membranes were used to cover the coronal defects. They suggested that the gaps were healed by appositional bone growth from the lateral and apical bone walls of the defects. More recently, they also compared bone healing around the implants with turned or rough surface topographies placed in self-contained defects using either a submerged or non-submerged technique and suggested that the rough surface showed superior healing pattern than the turned one 22) .
The actual shape of the fresh extraction socket is approximately conical, but the paralleled defects made surgically has been used mostly in the previous study models. Creating tapered defects are necessary to understand the healing pattern of natural extraction socket.
The aims of this study were to evaluate and compare the healing patterns according to the implant surface characteristics, gap width and gap morphology around the implants.
Materials and methods
Animals
Four male mongrel dogs with 18 to 24 months old and weighing about 30kg were chosen. They had intact dentitions and healthy periodontium. Animal selection, management, preparation and surgical protocol were followed by the routine procedures approved by the Animal Care and Use Committee, Yonsei Medical Center, Seoul, Korea.
Experimental Design
Animals were divided into the group A those with turned surface implants and the group B, rough (resorbable blast media ; RBM) surface implants.
The defects in the left side were made_surgically with a customized tapered step drill and those in right with customized paralleled drill. Groups were also divided according to the width of the coronal gaps:
1.0mm, 1.5mm, 2.0mm ( Fig. 1, Fig. 2a, 2b ). The evaluation of healing patterns in surgically created circumferential gap defects around dental implants according to implant surface, defect width and defect morphology
Surgical protocol
Teeth were extracted under general anesthesia under sterile conditions in an operating room using with sterile saline. Implant osteotomy was performed at 800 rpm under chilled saline irrigation and circumferential defects of 1.0mm, 1.5mm and 2.0mm gaps with 5mm defect depth were created surgically with a customized paralleled step drill, and same procedure was done on the left side of mandible using a customized tapered step drill. Implant placement was made without tapping to obtain good initial stability.
Turned surface implants in Group A and rough RBM surface implants in Group B were used. Three submerged type implants (3.5mm diameter, 10.0mm length) were placed on the right side of the mandible (Fig. 3) . Stepped paralleled drills, from the left, a 5.5-mm diameter drill for the 1.0-mm gap defect, a 6.5-mm diameter drill for the 1.5-mm gap defect and a 7.5-mm diameter drill for the 2.0-mm gap defect are represented, respectively. The length of the drill is 5mm. b. Stepped tapered drills, from the left, a 5.5-mm diameter drill for the 1.0-mm gap defect, a 6.5-mm diameter drill for the 1.5-mm gap defect and a 7.5-mm diameter drill for the 2.0-mm gap defect are represented, respectively. The length of the drill is 5mm.
Flaps were closed with 5-0 resorbable suture materials and implants were submerged. Post-operative care was similar as that for tooth extraction. Sutures were removed after 7 to 10 days and a soft diet was provided throughout the study period.
Dogs were sacrificed 8 weeks after surgery.
Euthanasia was performed by anesthesia drug overdose. Block sections including segments with implants were preserved and fixed in 10% neutral buffered formalin.
The specimens were dehydrated in ethanol, embedded in methacrylate, and sectioned in the mesio-distal plane using a diamond saw (Exakt 
Results

Clinical findings
During the postoperative periods, healing was uneventful and implants were well-maintained. There were no signs of inflammation observed in the mucosa adjacent to the implants.
Histologic findings
1) Implant surface
The healing of rough surface implants was superior to smooth surface implants. Wedge shaped defect in coronal portion was found in the 2mm width of paralleled defect in group A, when there was good bone-to-implant contact in Group B (Fig. 4a, 4b) . The evaluation of healing patterns in surgically created circumferential gap defects around dental implants according to implant surface, defect width and defect morphology
2) Defect width
More remaining area which was not filled with bone was found at the larger width of the defect around the implant. There was a remaining wedge shaped defect in 2mm tapered gap in group A (Fig. 5a, 5b ).
3) Defect morphology
Most of the tapered defects showed good bone filling compared to the paralleled defects. In 1.0mm gap of Group A, good bone fill was found in the tapered defect when there was no direct bone-to-implant contact in paralleled one (Fig. 6a, 6b ). (Table 1) .
2) Bone-to implant contact percentage (BIC%) in the coronal 5mm of the implant
With decreasing size of coronal gap, bone to implant contact tended to be greater. Regarding the implant surface characteristics, rough surface showed greater bone to implant contact than turned surface implant. In defect morphology, tapered shape showed greater bone to implant contact than paralleled one (Table 2) .
Discussion
The immediate implant placement technique was introduced to shorten the rehabilitation periods and researches have been carried out to provide the theoretical backgrounds. There are many methods introduced to overcome the coronal gap associated with immediate implant 3, 5, 6, [10] [11] [12] 15, [23] [24] [25] however, the critical size of defect allowing spontaneous healing has yet to be determined. To make the treatment procedure more simplified and save the time for treatment benefiting both patient and practitioner, effort to figure out the critical size is of importance. Besides defect width, implant surface and defect morphology can influence the healing of circumferential gap defect around implants.
About defect width, Akimoto et al. 19) used dog model to evaluate the bone fill that occurred in defects adjacent to implants designed with machined surface.
Implants were placed in simulated extraction sockets that had been prepared in such a way that gaps between 0.5 and 1.4mm separated the implant surface Present study showed that bone healing was superior in bone defects adjacent to implants with a rough compared to smooth surface implants, and it is similar to a previous study 22) . The reason can be explained that the defect healing of rough surface implants is occurred by combination of contact osteogenesis and distance osteogenesis, but healing of smooth surface implants is done only by distance osteogenesis.
Therefore, the remodeling of defect will be faster in the rough than smooth surface implants.
In defect morphology, several studies have been published the relationship between gap width and healing pattern around implants in immediate implantation. Most of these studies used a paralleled defect model. However a shape of fresh extraction socket is a conical, so this study used a tapered stepped drill to reproduce an actual extraction socket. In this study, most of tapered defect were found good bone filling rather than paralleled defect. In taped defect, there was found good bone fill in the 1.0mm
gap of group A. However, in the paralleled defect, no direct bone-to-implant contact was found in the 1.0 mm gap of group A. Bone healing of paralleled defect was similar to findings reported by Akimoto 19) , but tapered defect was different. This can be explained that a lateral wall at defect base is closer in tapered defect than paralleled defect. That means appositional bone growth occurred faster in tapered defect than paralleled defect.
Botticelli et al. 21) explained bone-to-implant contact was first established in the apical portion of the gap.
This new bone tissue was in the coronal direction continuous with a dense, non-mineralized implantattached soft tissue which, over time, also became mineralized and, hence, the height of the zone of bone-to-implant contact was increased.
Therefore, it can be concluded that healing of circumferential gap defects around implants is influenced by the implant surface, defect width, defect morphology. If using rough surface implants, circumferential gap defect within 2mm does not need any kind of regenerative procedure, and tapered defect morphology showed faster healing than paralleled defect morphology.
